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Abstract A flipped classroom, an approach abandoning tra-
ditional lectures and having students come together to apply
acquired knowledge, requires students to come to class well
prepared. The nature of this preparation is currently being
debated. Watching web lectures as a preparation has typically
been recommended, but more recently, a variety of study ma-
terials has been considered to serve students personal learning
preferences. The aim of this study was to explore in two
flipped courses which online study materials stimulate stu-
dents most to prepare for in-class activities, to find out wheth-
er students differ in their use of study materials, and to explore
how students use of online study materials relates to their
learning strategies. In a basic science and a clinical course,
medical students were provided with web lectures, text selec-
tions, scientific papers, books, and formative test questions or
case studies. Use of these online materials was determined
with questionnaires. All students watched web lectures and
read text selections to prepare for in-class activities, but stu-
dents differed in the extent to which they used more challeng-
ing materials. Additionally, the use of online study materials
was related to students’ learning strategies that involved reg-
ulation and monitoring of study effort. Our findings suggest
that students have similar learning preferences as they all use
the same “basic materials” to prepare for in-class activities.
We interpret the preferential use of web lectures and text se-
lections as being regarded as sufficient for active in-class par-
ticipation. The less intensive use of other study materials may
reflect students’ perception of limited study time.
Keywords Medical education . Flipped classroom . Blended
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Introduction
Flipped classrooms are characterized by substantial pre-class
preparation, while in-class time is focused on active student-
centered learning activities [1–6]. In a flipped or “inverted”
classroom approach, students’ pre-class preparation is intended
to acquire knowledge and understanding for which a surface
approach to learning, such as organizing and rehearsing [7], is
sufficient. This acquired knowledge can then be applied during
in-class time that is aimed at deep learning activities such as
critical thinking and elaboration.
Even though a flipped classroom is a relatively new approach
to education, recent publications start supporting its effective-
ness. Some studies provide evidence showing improved perfor-
mance for students learning in the flipped classroom compared
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to traditional (lecture based) classrooms [5, 8–10], and others
indicate that students are more satisfied [11–13]. Conversely,
increased time commitments and study load for students have
been addressed [1, 8, 14].
As mentioned above, a prerequisite for successful flipped
classrooms is that students have “a prepared mind” when com-
ing to class [14–17]. Without sufficient pre-class preparation,
knowledge cannot be applied in in-class activities such as ana-
lyzing data, solving problems, or participating in in-class patient
presentations [18, 19].
The design of pre-class (and in-class) activities is currently
being debated. Initial descriptions of flipped classrooms describe
how students are provided with web lectures, either newly re-
corded videos by the teacher or recommended lectures from the
internet, to learn new principles in their own time [14]. However,
students have access not only to web lectures but often also to
textbooks (online) and/or e-learning modules to facilitate pre-
class preparation [1, 5, 6, 14, 20]. A variety of study materials
has been considered to serve students personal learning pref-
erences [6, 8, 21]. It is of interest to knowwhether providing
web lectures as pre-class preparation would be sufficient for
studentsinaflippedclassroomtoprepareforin-classactivities
orthatadditionalmaterialsarerequired.
This study aimed to explore to what extent students indeed
use a variety of suggested online study materials to prepare for
in-class activities in two flipped courses, a basic science course
and a clinical course. We also aimed to explore whether students
differ in their use of online study material. Finally, we aimed to
understand how students use different study materials by explor-
ing the relation between the use of materials and self-reported
learning strategies. For this study, we operationally defined the
flipped classroommodel as education in which content informa-
tion on a factual level is processed outside the classroom, while
elaboration and discussion of the materials is organized in a
subsequent classroom meeting. Knowing what study materials
students use will provide insight in what activities students find
most relevant to spend their time on, and knowing what mate-
rials they use less might give an indication of what materials can
lead to study burden. In addition, knowing what study materials
students use most could help teachers in prioritizing what mate-
rials they design for their students in situations of limited avail-
able time. On the other hand, knowing what materials are related
to deeper learning activities might support teachers in deciding
on what materials are suitable for preparation and what materials
are suitable for in-class activities.
Method
Educational Setting
This study was conducted in two flipped classroom courses of
one cohort of the graduate entry 4-year undergraduate medical
program at Utrecht University in the Netherlands. In this pro-
gram, class size is 40. The first course was a 4-week basic
science Anatomy course, delivered in the first year of the
program (October 2013), and the second course was a 5-
week clinical Rheumatology and Orthopedics course taught
during the second year (November 2014). Both courses aimed
for knowledge acquisition and conceptual understanding.
Pre-class and In-class Activities
In the Anatomy course, all pre-class study materials were pre-
sented in a custom made iBook and consisted of text selec-
tions on the topic (i.e., descriptions of the general concepts of
anatomy written by the teacher), web lectures, formative test
questions, links to scientific papers, and links to additional
electronic books.
Web lectures and text selections were provided as back-
ground information and covered basic principles. Understand-
ing of these basic principles could be checked with formative
test questions. More challenging materials such as scientific
papers and books were made available to encourage students
to elaborate and expand their knowledge.
The students were instructed to study materials of their
choice so that in-class activities could be dedicated to ad-
jacent and more complex principles, such as specification
of concepts or comprehensive discussion of difficult ele-
ments. If necessary, basic principles were clarified at the
beginning of each classroom meeting by a teacher who
was a content expert.
The Rheumatology and Orthopedics course had a similar
setup. Blackboard® gave access to web lectures, text selec-
tions (in this course consisting of textbook fragments covering
the subject matter), case studies (i.e., patient presentations),
links to electronic books, and scientific papers. During in-
class activities, case method teaching was applied, followed
by discussion based on new case studies. A content expert
teacher guided in-class activities.
Participants
Of the 40 students annually enrolling in the program, 38 par-
ticipated in this study during the 2013–2014 Anatomy course,
and 25 students participated in the 2014–2015 Rheumatology
and Orthopedics course. These students were on average 24.0
±3.5 years old, and 60 % (23) were female. In total, 25 stu-
dents (63 %) participated in both studies.
All participating students signed informed consent forms
providing them with information about the goals and data
handling methods of each study. Participation was voluntary
and no incentives were given. The Ethical Review Board of
the Netherlands Association for Medical Education (NVMO)
approved these studies separately (# 284 and # 397).
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Data Collection
Self-Reported Use of Online Study Materials
In both courses, learning instructions stressed that pre-class
preparation was essential in order to make in-class activities
successful. Students were instructed that they could choose
whichever materials they preferred to use to prepare for class-
roommeetings. None of the information sources were present-
ed as mandatory.
To determine students’ use of online study materials, all
participants were invited to fill out a weekly questionnaire
including items with 5-point Likert scales as to what extent
they used which online study materials when preparing for the
in-class activities. Participants were also asked to explain why
they perceived their three most extensively used study mate-
rials to be supportive, in an open-ended question format. In the
Rheumatology and Orthopedics course, after the collection of
data of open-ended questions, closed-questions were formu-
lated asking students to what extent they agreed with the ar-
guments explaining why online study materials are perceived
as supportive.
Learning Strategies
The following nine learning strategies were measured using
the following scales of the Motivated Strategies for Learning
Questionnaire (MSLQ) [7]: Rehearsal, Elaboration,
Organization, Critical thinking, Self-regulation, Time
management, Effort regulation, Peer learning, and Help
seeking. All 50 items in the nine learning strategy scales were
translated into Dutch. To determine the reliability of the trans-
lated items, 25 volunteers studying in different (bio-) medical
graduate programs filled out this questionnaire. All items were
to be rated on a Likert scale ranging from 1 (Not at all true of
me) to 7 (Very true of me).
The reliability of the nine scales was determined using
Cronbach’s alpha. If Cronbach’s alpha was below 0.65, indi-
vidual items were inspected for clarity and adapted to improve
the scale. This led to rephrasing two items of the scale Effort
regulation.
At the end of both courses, the questionnaire was adminis-
tered to measure students’ self-reported learning strategies.
Scale scores were constructed for each of the nine learning
strategies.
For each learning strategy scale, normality was inspected
using histograms. All scales, except for Critical thinking, ap-
peared to be distributed normally. The distribution of Critical
thinking showed a rather dichotomous pattern, suggesting two
subgroups (those who do and do not indicate to think critical-
ly). Therefore, the mean scores for this scale were transformed
into a dichotomous variable.
Analyses
Self-Reported Use of Online Study Materials
Due to missing data, three and five participants were excluded
from the Anatomy and Rheumatology and Orthopedics
course, respectively. Open-ended questions in which students
explained why they perceived their three most extensively
used study materials to be supportive were grounded catego-
rized. Items with 5-point Likert scales as the use of online
study materials and the agreement with explanations for per-
ceived supportiveness of study materials were analyzed by
inspection of means and standard deviations.
Differences in Study Material Use
To investigate whether students differed in the study materials
they used, K-means cluster analysis was applied [22]. In the
Anatomy course, one additional student was excluded due to
one missing data point. We started with interpreting the three,
four, and five cluster solutions, but these results showed only
two meaningful clusters of students could be distinguished.
Relation Between Self-Reported Use of Study Material
and Learning Strategies
To explore how the use of online study materials is related
to self-reported learning strategies, bivariate correlation anal-
ysis was performed. The correlations between study material
use and eight learning strategies, Rehearsal, Elaboration, Or-
ganization, Self-regulation, Time management, Effort regu-
lation, Peer learning, and Help seeking, were analyzed for
both the Anatomy and the Rheumatology and Orthopedics
courses. Because the number of correlations that were ana-
lyzed was rather high (40 correlations per analysis), a con-
servative P value was used for significance (P<0.01). As
Critical thinking was considered a dichotomous variable,
the two subgroups were compared on their use of study
materials using ANOVAs.
Results
Reliability of Learning Strategies
Table 1 shows the reliabilities of the eight learning strate-
gies. If necessary, we aimed to improve Cronbach’s alpha to
≥0.65, while maintaining as many items as possible and
using identical scale items for both the Anatomy and the
Rheumatology and Orthopedics courses to allow for com-
parisons. Based on the results in the Anatomy course, two
items in the Elaboration scale were removed to increase the
alpha from 0.57 to 0.65.
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The Self-regulation and Help seeking scales initially
showed low reliabilities in the Rheumatology and Orthope-
dics course (alpha=0.61 and 0.35, respectively). Deleting one
item optimized these scales to 0.65 and 0.69, respectively.
Self-Reported Use of Study Materials
Table 2 shows that in both courses, students prepare for in-
class activities predominantly by watching web lectures and
reading text selections. In addition, formative test questions in
the Anatomy course and case studies in the Rheumatology
and Orthopedics course were the third most frequently used
tools to prepare for in-class activities.
Perceived Supportiveness of Web Lectures, Text,
and Formative Test Questions or Case Studies
In the Anatomy course, students reported that web lectures
were supportive to prepare for in-class activities because they
consisted of a clearly explained summary of the content that
could be paused and repeated as many times as preferred.
Additionally, in the Rheumatology and Orthopedics course,
students indicated that web lectures provided a clear overview
of the most important topics (4.10±0.77), which can be
viewed at their own pace (4.43±0.60).
Text selections were perceived as a summary of the
content that helped students to distinguish essentials
from ancillaries in the Anatomy course. Interestingly,
Table 1 Reliability of learning strategies











Rehearsal I made a list of important terms for this
course and memorize the list.
4 0.66 0.67 4 0.66 0.67
Elaboration When reading for this class, I try to relate
the material to what I already know.
6 0.57 0.64 4 0.65 0.74
Organization I make simple charts, diagrams, or tables
to help me organize course material.
4 0.81 0.78 4 0.81 0.78
Self-regulation I try to change the way I study in order to
fit the course requirements and the
instructor’s teaching style.
12 0.78 0.61 11 0.78 0.65
Time management I make good use of my study time
for this course.
8 0.84 0.84 8 0.84 0.84
Effort regulation I work hard to do well in this class
even if I don’t like what we are doing.
4 0.84 0.80 4 0.84 0.80
Peer learning I try to work with other students from this
class to complete the course assignments.
3 0.74 0.74 3 0.74 0.74
Help seeking I ask the instructor to clarify concepts
I don’t understand well.
4 0.65 0.35 3 0.69 0.69
Names and sample questions for each learning strategy are shown. First reliability of the complete scale is depicted, followed by optimized reliability
scores
K number items included per scale
Table 2 Mean use of online
study materials Anatomy (N=35) Rheumatology and Orthopedics (N=20)
Mean±SD Mean±SD
Web lectures 4.26±0.98 4.55±0.69
Text selections 4.37±0.49 4.05±1.05
Formative test questions 4.09±1.04 n.a.
Case studies n.a. 3.95±1.00
Additional books 2.83±1.32 3.45±1.36
Scientific papers 2.41±1.18 2.35±1.39
For each online studymaterial, mean self-reported use and standard deviation are shown. Scale ranged from 1 to 5
n.a.not applicable
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in the Rheumatology and Orthopedics course, contradic-
ting answers were given regarding text. In open-ended
questions, students described that text selections did
provide them with an overview, but they rated this char-
acteristic rather low in the closed questionnaire (2.25±
1.25). They also claimed that text selections were too
extensive (4.30±1.33).
Formative test questions, available in the Anatomy course,
were found to be supportive as students indicated that these
questions helped them to check their understanding of partic-
ular subjects, and students appreciated that it is an interactive
learning tool. In the Rheumatology and Orthopedics course,
formative tests were not available, but instead, students could
apply their knowledge by solving case studies (4.14±0.73).
Students reported that these case studies also helped them to
focus their study effort (3.52±1.03).
Differences in Study Material Use
Cluster analysis indicated that two groups of students could be
distinguished based upon their self-reported study material
use, referred to as A and B. Table 3 shows that in both courses,
group A and B extensively watched web lectures and read text
selections. In addition to these basic materials, students in
group AA used more formative test questions, read more sci-
entific papers, and studied additional books, compared to
group BA. In the Rheumatology and Orthopedics course, both
groups also used case studies to prepare for in-class activities.
Students from group ARO read more scientific papers and
studied additional books more intensively, compared to group
BRO. In addition, students from group ARO seemed to read text
selections more extensively, but this difference was not statis-
tically significant (P=0.052). Students that clustered to group
A in the Anatomy course did not necessarily cluster to group
A in the Rheumatology and Orthopedics course.
Relation Between Self-Reported Use of Study Material
and Learning Strategies
Two significant correlations were found for reading text selec-
tions. As shown in Table 4a and b, in the Anatomy course (see
Table 4a), reading text selections was positively related to
Effort regulation (i.e., ability to control study effort and com-
mitting to personal goals), suggesting that students who read
more texts also reported to be committed to finish homework
before class. Additionally, a positive correlation between text
selections and Rehearsal in the Rheumatology and Orthope-
dics course (see Table 4b) suggests that students who read
more texts also reported to rehearse more when studying.
Additionally, two correlations were found for the learning
strategy Self-regulation. In the Anatomy course, a positive
correlation was found for the use of scientific papers with
Self-regulation, suggesting that students who report to be less
aware of their own cognition read less scientific papers. How-
ever, it must be noted that students hardly read additional
papers in general, as shown in Table 2.
In the Rheumatology andOrthopedics course, even though all
students watched web lectures, as shown by the high mean and
small standard deviation in Table 2, the more students reported to
watch web lectures, the more they report to apply Self-regulation
(i.e., the ability to plan and monitor a task; see Table 4b).
Interestingly, no significant correlations were found be-
tween learning strategies and use of formative test questions,
case studies, or additional books.
The two ANOVAs comparing the two subgroups for Crit-
ical thinking showed no differences in terms of their use of
online study materials. In the Anatomy course, P values were
between 0.195 (F=10.59) for text selections and 0.971 (F=
3.73) for scientific papers. In the Rheumatology and Orthope-
dics course, P values ranged from 0.111 (F=2.78) for text
selections and 0.818 (F=0.83) for case studies.
Table 3 Difference in study material use











Web lectures 4.26 4.20 0.03 4.60 4.50 0.10
Text selections 4.32 4.40 0.25 4.50 3.60 4.31
Formative test questions 4.47 3.53 8.33* n.a n.a n.a
Case studies n.a. n.a. n.a. 4.20 3.70 1.27
Additional books 3.58 1.73 35.74* 4.40 2.50 19.23*
Scientific papers 3.05 1.60 19.83* 3.30 1.40 17.56*
Mean use of study material per cluster in the Anatomy course (AA and AB) and the Rheumatology and Orthopedics course (ARO and BRO) are shown.
Scale ranged from 1 to 5
n.a.not applicable
*P<0.05
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Discussion
The prerequisite for a successful flipped classroom approach is
that students are well prepared for participation in in-class activ-
ities. This exploratory study gives insight into the students’ pre-
dominant use of pre-class study materials. All students use web
lectures and text selections extensively. Other tools such as case
studies and formative test questions are used as well, but these
seem to be used to a lesser extent. When preparing for in-class
activities, watching web lectures is related to Self-regulation, and
reading text selections is related to Effort regulation or Rehearsal.
Extensively Used Study Materials
In the flipped courses, web lectures were designed to pro-
vide students with background information and to teach ba-
sic principles. Therefore, intensive use of web lectures while
preparing for in-class activities was perhaps not surprising.
Students appreciated that web lectures could be viewed at
their own pace, which is in line with other studies regarding
the use of web lectures [23]. Moreover, web lectures provid-
ed students with an overview of the most important topics,
which is supported by the fact that the use of web lectures
was related to students’ self-reported ability to plan and
monitor their learning.
The second most extensively used online study material
was text selections. Students participating in this study have
indicated that text selections helped them to summarize the
content and to distinguish essentials from ancillaries. More-
over, correlation analyses suggest that information covered
by text selections helped students to regulate study effort
when preparing for in-class activities. However, when text
selections are perceived to be too extensive, students will
miss the overview of the content. This might explain why
students rehearsed more.
Finally, formative test questions, case studies, and addi-
tional study materials such as scientific papers and books
were provided to stimulate students to elaborate and encour-
age them to think critically. However, relations between the
use of these more challenging study materials and cognitive
more complex learning strategies (i.e., Elaboration and Crit-
ical thinking) were not found. Students’ choice to mainly
prepare with “basic materials” (web lectures and text) might
be explained by the fact that students perceived to be
overloaded, as indicated by comments in the end-of-course
evaluations.
Differences in Study Material Use
Street et al. argued that students have different learning pref-
erences and that, therefore, various study materials should be
provided to students [8]. However, our findings indicate that
all students use the same basic materials to prepare for in-class
activities and that half of the students used additional mate-
rials. We thus did not find that students seem to have prefer-
ences for different study materials, but mainly differ in the
extent to which they use more challenging materials in addi-
tion to the basic materials. Also, the fact that students’ indi-
vidual use of materials was not consistent between the two
Table 4 Relation between study material use and learning strategies
Rehearsal Elaboration Organization Self-regulation Time management Effort regulation Peer learning Help seeking
Anatomy
Mean±SD 4.63±1.25 4.95±0.94 4.88±1.45 4.58±0.92 5.19±1.13 5.16±1.34 3.14±1.32 4.15±1.48
Web lectures −0.018 −0.026 −0.065 0.015 0.224 0.210 −0.210 −0.078
Text selections 0.000 0.243 −0.150 0.270 0.428 0.485* −0.264 −0.156
Scientific papers 0.326 0.205 0.198 0.520* 0.257 0.367 0.099 0.163
Formative tests −0.125 0.063 −0.113 0.056 0.148 0.132 −0.225 −0.128
Additional books 0.026 0.045 0.233 0.227 0.050 −0.019 −0.021 −0.049
Rheumatology and Orthopedics
Mean±SD 4.56±1.20 5.08±0.96 5.24±1.32 4.54±0.70 4.66±1.08 4.70±1.33 3.19±1.25 4.28±1.13
Web lectures 0.489 0.116 0.528 0.655* 0.173 0.070 0.186 0.168
Text selections 0.708* −0.101 0.340 0.549 0.419 0.453 −0.214 −0.055
Scientific papers 0.196 0.162 −0.005 0.257 0.308 0.315 0.052 0.218
Case study 0.516 −0.066 0.336 0.417 0.481 0.369 −0.038 −0.214
Additional books 0.338 −0.117 0.094 0.089 0.314 0.237 −0.400 −0.464
Use of study materials while preparing for in-class activities relates to self-reported learning strategies in the Anatomy (4a) and Rheumatology and
Orthopedics (4b) course
*P>0.01 indicates significant correlations
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courses does not support the notion of students having per-
sonal learning preferences.
With respect to the issue of whether providing web lec-
tures as pre-class preparation would be enough for students
in a flipped classroom to prepare for in-class activities, our
findings suggest that web lectures are important. We
showed that students intensively used this material to pre-
pare for in-class activities, similar to reading text selections.
However, since 40 to 50 % of the students chose to com-
bine these basic materials with scientific papers, books, and
formative test questions (if available), our data do not sup-
port the idea that web lectures alone are sufficient to pre-
pare for student-centered in-class activities. Neither do our
findings support the hypothesis that students use a selection
of the available learning materials to accommodate their
personal learning preferences. Therefore, it is advised to
provide students clear study directions to prevent undue
study load and time commitments.
Relation Between Self-Reported Use of Study Material
and Learning Strategies
In the Anatomy course, three moderately strong correlations
were found (r>0.4), whereas 12 moderate or strong correlations
were detected in the Rheumatology and Orthopedics course.
Interestingly, the strongest correlation involving the use of text
selections and rehearsal observed in the clinical course was
absent in the basic science course. One of the underlying causes
might be the nature of these text selections. In the Rheumatol-
ogy and Orthopedics course, revising text selections could con-
tribute to students understanding of the content, whereas the text
selections in the Anatomy course could do this to a lesser extent
as they are related to more general concepts. Another explana-
tion might be that students adapt their learning strategies when
learning different subjects. This is in line with the findings of
Rotgans and Schmidt, who showed that learning strategies are
context-specific and, therefore, large within-person variations
can be measured across different disciplines [24].
Study Limitations
While our results provide useful information for selecting
extensively used study materials, a number of limitations
should be addressed. First, the small number of students par-
ticipating in this study together with the large number of
correlations that were reported to explore the relation be-
tween students’ use of study materials and their learning
strategies affect the generalizability of the results. This ap-
proach may have led to capitalization on chance, even though
a conservative P value of ≤0.01 was used to determine sta-
tistically significant differences. Therefore, to validate our
conclusions, this study should be replicated in larger and
more heterogeneous samples.
Second, to explore to what extent study materials were
used, questionnaires were composed of Likert scale questions.
This provided information about the self-reported relative use
of study materials, although it is not addressed specifically
how much time students spend using the different materials.
Future research might focus on this to investigate to what
extent flipping the classroom does affect time commitment
and to determine to what extent study load does increase when
a larger variety of study materials is available as anticipated by
Moffett, Prober, and Street [1, 8, 14]. This will provide insight
into the relation between students perceived and experienced
study load.
A third limitation concerns the fact that offline study ma-
terials were not included in this study. This decision was made
because this study aimed to distinguish which online study
materials are used most frequently, since the online materials
are the materials provided by teachers. This is important be-
cause it is known that flipping the classroom requires a large
time and effort investment from the teachers [1].
Study Strengths
Our study has a number of strengths. It describes student
preparation in two distinct courses (a basic science and a
clinical course) in which students predominantly used the
same study materials. This suggests that the findings are
robust for at least our population. In addition, to the best
of our knowledge, this was the first study to explore differ-
ences between the materials that students use to prepare and
the relation between students’ preparation and their learning
strategies. Therefore, this study has provided some first in-
sights into these issues but also yielded directions for future
research.
In conclusion, students do not seem to differ a lot in how
they prepare for in-class activities as most students seem to
prepare by watching web lectures and reading text selections.
Additionally, approximately half of the students do use forma-
tive test questions, scientific papers, and books next to these
basic study materials. Unexpectedly, these cognitive challeng-
ing study materials were not related to deep learning strate-
gies. Instead, pre-class preparation using web lectures and text
selections were related to learning strategies that involve reg-
ulation and monitoring of study effort.
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